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1.0 


INTRODUCTION 


This is the final report of NASA contract NAS9-10583- 
The contents include the deliverable items as called 
out in Modification No* I 3 S Article Section J), 
items 3 and 7 and Modification No. l4S of aforesaid 
contract. 

The results of the investigations reported herein 
have altered the concepts and approaches as defined 
at the outset of this portion of the program. 
Consequently, without the expenditure of additional 
funds not currently available the successful comple- 
tion of items 4 and 6 of Section D above would not be 
possible and have therefore been omitted. The 
processes and techniques developed and results obtained 
have layed the groundwork for the eventual production 
of vastly improved thermal radiation reflectors for 
cryogenic insulation. 
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2.0 PURPOSE 

The overall goals of this program is the fabrication 
of sputtered multi-layer optical structures^ "filters' 
on pliable substrates that are broadband reflectors 
(2.5 - 20^ ) and composed entirely of dialectric 

materials. Previous results have demonstrated the 
feasibility of designing such filters; however, results 
of initial fabrication efforts were less than satis- 
factory, 

A review of the initial fabrication attempts indicated 
that a more thorough investigation of the processes 
involved needed to be conducted.* As a result, the 
current program was undertaken to determine the 
critical process variables and understand their effect 
on filter performance. 

Three process variables were chosen for investigation. 
These include: deposition rate, sputter gas pressure, 
and film contamination time. Simple layer samples 
were produced for the rate and pressure series and two 
layer samples for the contamination run. These repre- 
sent the simplest filters for which the effects of the 
process variables can be observed. 

It is the eventual goal that perturbations observed 
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for the simple filters can be used to more accurately 
predict the performance of multilayer stacks produced 
by similar techniques. 

An additional goal of this program is to demonstrate 
sufficient control of the deposition process itself 
for the accurate fabrication of multilayer stacks. 

Investigations were also conducted into the optical 
properties of the glass and Kapton substrate materials. 
The goal of this study is a sufficient understanding 
of the optical properties so that these effects can 
be accounted for in the design and performance of the 
multilayer filters. 


Cl 
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3.0 EXPERIMENT 

This experimental approach was divided into three 
principle operating areas, including: 

- Computer Design and Analysis 

- Sample Fabrication 
" Sample Testing 

Both the design and fabrication areas were largely 
adapted from the previous experiments j however, the 
testing arrangements were entirely new. The 
operational flow of the program is described in 
Fig. 1. ■ 

Single .layer samples have a simple sinusoidal inter- 
ference function. The thicknesses of these samples 
were chosen to give a reasonable spread of data 
across the spectrum of interest. The designs were 
tested by computer using the program^. A new sub- 
routine, which found the spectral maxima and minima, 
was added to the program. 

Samples were fabricated by Vacuum Technology Associates, 
2 

Inc. using moderately high rate sputtering techniques 
discussed in previous reports , A block diagram of 
the sputtering system is given in Fig. 2, 

Sample testing was performed at the Denver Research 
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Institute using a Beckman IR-7 modified as a low 
angle of incidence spectral reflectometer . 

The spectrometer is a dual beam instrument covering 
the spectral range 2.5 “ . A reflectometer 

attachment giving an angle of incidence of 2 . 25 *^ was 
fabricated especially for this experiment. The 
lengthening of the optical path length . caused some 
non-linearization of the spectrometer's response^ 
however j this was removed from the data by running a 
normalization spectrum with each set of samples. 

The normalized spectral maxima and minima of the 
samples along with the spectral data from the design 
program were fed into an entirely new program, 
"Compare". This program tabulated and matched the 
theoretical and experimental spectral peaks. The 
program computed the wavelength and reflectivity 
deviations of the experimental peaks with respect 
to matching theoretical data. The program also 
provides a summary average error and deviation of the 
errors of the matched peaks of each sample. 
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4.0 


DATA 


4,1 SPECIFICATIONS AND ASSUMPTIONS 

Initial sample designs were chosen to provide a 
maximum amount of useful data. Particular interest was 
given to the short wavelength end of the spectrum 
since the effects of the process variables are most 
apparent in this region. In addition, the effects 
of the substrates were least apparent in this region. 

Glass was chosen as the substrate for the process 
variable samples since the thin (2^^ M ) Kapton 
substrates acted as an interference layer. In addi- 
tion, it was necessary to separate the effects of the 
substrate from those of the deposition process. Both 
the glass and Kapton substrates were independently 
tested and an analysis is given In Sec. 4.4 below. 

Initial thickness specifications of the single layer 
samples were chosen to give a quarter wave layer at 
10>f A( . However, deposition controller malfunctions 
did not allow accurate thickness preprogramming. 
Consequently, these samples were fabricated, their 
thicknesses measured then theoretical spectra generated 
for the known thickness. The controller was working 
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properly for the two layer samples and they were 
fabricated to prescribed ■ thicknesses . 

Because of substrate limitations no useful information 
was measurable above 15y^ > therefore^ spectra were 

only run to 15 A) 

4.2 SPUTTER RATE AND PRESSURE SAMP31ES 

Single layer samples of Zinc Selenide , (ZnSe) and 
Germanium (Ge) were, deposited on glass at a fixed 
gas pressure of 10_/i and varying deposition rates. 

Then a second set at fixed sputter rates and varying 
gas pressures. 

^ , 

A summary of the results of these samples is given in 
Tables 1 and 2. These tables are a. compillation of the 
error averages and deviations from each sample 
summary sheet. Figure 3 are selected ZnSe and Ge 
spectra^ sample summary sheets and complete raw 
spectra are given in the appendix. 

The wavelength error is the difference between the 
theoretical and measured wavelengths divided by the 
theoretical wavelength a given 

spectral peak, * 

The Reflectivity error is the absolute difference 

9 

* Maxima and Minima are both called peaks. 



TABLE 1 

SPUTTER RATE SAMPLE SUMMARY 


Wavelength Reflectivity- 

Samp]^ Rate Ay. Error Deviation Av. Error Deviation 


lA 

ZnSe 

180^/min. 

. 0051 

. 0163 

.0225 

. . 0241 

IB 

T 1 

18oX./min. 

.0033 

.0309 

. 0521 

. 1069 

2A 

1 1 

480jS/min. 

. 0238 

,0152 

. 0372 

. 0604 

2B 

t » 

48oX./min. 

. 0073 

.0249 

. 0382 

.0896 

3A 

1 1 

920jS/min. 

0109 

.0057 

. 0551 

. 1255 

3B 

1 ! 

920A/min. 

.0099 

.0306 

. 1107 

. 1841 

4A 

Ge 

41oS./min, 

. 0002 

.0291 

. 1374 

. 1983 

4B 

It 

41oS./mm. 

-.0290 

.0211 

. 1250 

, 1722 

5A^ 

1 1 

820 

0262 

.0253 

. 1356 

. 2435 


1 1 

820 

0153 

.0527 

. 1022 

. 1907 

6-2 

11 

830 

.0205 

.0063 

.0768 

. 1148 

7-2 

1 1 

970. 

0317 

.0270 

. 0506 

. 0731 


Sputtering pressure 10 except as indicated by * 
where pressure was Hg. 


10 



TABLE 2 


SPUTTER PRESSURE SAMPLE SUMMARY 


Wavelength Reflectivity 


Sampl 

e 

Pressure 

Av. Error 

Deviation 

Av. Error 

Deviation 

8-2 

Ge 

5 ^ /M ^ 

. 0909 

.0046 

. 0531 

, 1163 

10-2 

Ge 

l4£j 

. 0339 

.0197 

. 1110 

. 1354 

9-2 

Ge 

iA /4^ 

. 0453 

. 0260 

. 1186 

. 1562 

11-2 

ZnSe 


-.0110 

.0322 

.6693 

.1387 

12-2 

1 1 

10^/^ h 

-.0176 

. 0293 

. 0446 

. 0970 

13-3 

II 

15 

-.0467 

.0287 

. 0502 

.0964 


Ge Samples were deposited at rates of approximately 52oX./min, 
ZnSe Samples were deposited at rates of approximately 400X./min. 
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TABLE 3 


. Design of Two Layer Samples 


LAYER TiHICKNESS RE(INDEX) IM(INDEX) 

* ' ' ' ' 

1 O.OaOQOO 1.500000 Q.DQQOOO 

— ^ i 'r5'¥E7W "■ 2V-4-341]ir0- 0'.XO'0''0"iTD" 

3<Se 0.93 24 00 4.0 21950 0*000000 

zrAir irnrcrowo rniwtrrro DTonroTTinr 


Theoretical Maximum & Minimum Spectral Reflectivity of Two 
Layer Samples 


Wavelength 


Reflectivity 

Maxima Minima 


2.01DQO 

Tjripnro” 

2.29000 

2T5tmTtr 

2.75000 
- — -o^Tnrrtnr 
3.30000 

-3T- 7 5 0 O'er 

34000 

5.QGOOO 

5T?Binnr 

7.46000 

10.20000 

r^rvrmnnr 

16.00000 


5,73 123-001 

5.7339 4-001 

5. 73199-001 

5.73425*001 


Tr s955 ~3=tnn" 

-trnnrET3-inr2' 

'37T5^3TI'3^=Tnrr 

4Ttrtr,T2'aR=irtr2- 


5.73021-001 , _ ^ 

, ""IT'^Sin-DOl 

■'5;TTT5'T=TniT ^ ^ 

4.Q10'^h-002 

5.67132-001 __ 

3TB‘trT5'5 -'inrr 

4.01576-001 
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of normalized maximum or minimum reflectivities between 
theoretical and measured peaks. The errors are 
computed only for those measured peaks which could 
be identified as corresponding to theoretical peaks 
(i.e. ’’matched peaks".) The average error is the 
average of the errors of all matches peaks for a given 
sample. The standard deviation represents the variation 
of the errors about the average. 

The Results of these tests show that, with the possible 
exception of Germanium at low sputter rates, the wave- 
length errors are consistant for all deposition para- 
meters measured. These errors appear to result only 
from thickness measurement error. The larger errors 
for the Germanium samples result from the larger Index ■ 
of refraction and are consistant with the above 
results . 

The Reflectivity data shows significantly large errors. 

Parametric trends are apparent in the ZnSe sputter 
rate and Ge pressure runs. The last two Ge sputter 
rate samples, however, indicate that the cause of 
the large errors is probably due to interactions with 
the residual gases within the chamber. Very small 
traces of metallic or other vapors would be trapped 
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In the deposited layer by the sputtering process 
causing significant errors in reflectivity. This 
theory is consistant with the parametric results 
and could be proven with the use of a residual gas 
analyzer. 

It should also be noted that samples produced 
simultaneously (e.g.j samples lA and 1B_, etc) often 
had significantly different reflectivities. This 
observation lends credence to the above theory as 
well as suggesting a localized source . as • well as 
geometric shielding effects. 

h.3 TWO LAYER SAMPLES 

The two layer samples were prepared in an effort to 
determine the effect of varying the soak time between 
layers. In addition, the two layer samples provided 
a definitive teat of the performance of the deposition 
controller- 

The samples were designed to give maximum information 

in the 2.5 - 10 M region. , The design of these 

samples is the classic quarter wave stack. 

(glass (LH)^ air, where L==ZnSe (n=2.43) and 

4 

H= Ge (n=4.02)). The design parameters and computed 
spectral response are given in Table 3. The sampes 
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were made at moderate sputtering rates ^ with a gas 
pressure of 10 Hg and with interlayer soak bimes 
of 12 sec (minimum interlayer time) ^ 10 min, and 45 min. 

An important difference between single and multilayer 
samples Is that the maximum and minimum reflectivities 
of the single layer samples are nearly independent 
of the. thickness of the layer. Consequently ^ the 
effects of thickness and quality are neatly separated 
in the results of wavelength and reflectivity respectively 

On the other hand^ in multilayers the reflectivities 
are strongly a function of layer thicknesses as well 
as quality. 

Three runs of two sem^les each were fabricated and one 
sample of each run was tested on the spectrometer and 
run through the computer. The resulting spectral 
waveforms (Fig. 3) were sufficiently different from 
the computed spectrum that the comparison program was 
not able to properly match the spectral peaks. 

The two layers were deposited without breaking ^?acuum, 
therefore^ thickness measurements of the individual layex-s 
were not practical. Consequently^ only a measurement 
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Figure 3 - Sample Spectra 


These spectra include a normalization curve which is the 
spectrometer response to 100 percent reflectivity. The 
spectra were measured in four overlaping orders with a 
factor of 4 scale change between upper and lower order 





of total mass deposited was made. These measurements 
represent the total thickness and are given in Table /l. 
Single layer errors are estimated by assuming a 
statistical ensemble including compensating errors ^ 
consequently the single layer average errors would be 
larger than the two layer average by /]f2 ", 

These errors are too large for good multilayer filter 
fabrication particularly because of the very high' 
indicles of the deposited materials. A partial cause 
of these errors is the Interaction of the controller 
head with the very Intense radio frequency field Inside 
the chamber. Good quality filter. fabrication in this 

r" 2 

spectral region will require control in the 10 gm/cm 
range^ that is to a thickness of better than 100 S. 

In a roll coating system^ active control of the depo- 
sition rate will be required, then measurement of layer 
thickness would occur downstream from the deposition 
area. An interferometer could provide the required 
accuracy. 

It should be noted that samples made simultaneously have 
different thicknesses . This is a geometric effect of 
the circular symetry of the- sputtering system used for 
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TABLE 4 


TWO LAYER SAMPLE SUMMARY 


Sample 

Soak Time 

We ight 
Added (cti') 

Weight Error 

im) 

(Absolut 

(i) 

14-1 

44 min . 

.02235 

-4 

2.4x10 


1.1 




-4 



14-2 

44 min 

.02281 

2.1x10 


0.9 . 

15-1 

12 sec - 

.02301 

-4 

4.1x10 


1.8 

15-2 

12 sec- 

.02370 

-3 

1.1x10 


4.9 




■ -4 



i6-i 

10 min. 

.02275 

1 . 5 x 10 


0.7 

l6-2 

10 min. 

.02255 

-4 

0.5x10 


0.2 


Design Weight 

.02260 gm 





Average Errors 

3 . 6 x 10 

gm Q 

1 ,6% 


Average Thickness Error 

-5 

39 OA 



Average Controller Error 

1.8x10 

gm/cm^ 


Estimated Average Errors for Single Layer 

-4 

Average Error 5«0xl0 gm 2,3% 

Average Thickness Error 540 ° 

Average Controller Error 2-5x10 ^ gm/cm2 




these samples. This problem would be eliminated 
with the line geometry of a roll coater. 

SUBSTRATE TESTS 

The optical properties of the substrate of a dialectric 
Interference filter are as important to the performance 
of the filter as those of any individual layer. In 
fact, in the design and modeling of a multilayer filter 
the substrate is treated as the first layer. 

The DuPont, Polyimide film "Kapton' had been chosen by 
virtue of its cryogenic properties to be the substrate 
material for the all dialectric reflector concept. 

The infrared optical properties of Kapton were not 
heretofore sufficiently well known to mkae any judg- 
ments as to its suitability as an optical substrate. 
Polished glass microscope slides were chosen as 
the substrate for the process variable samples for 
its mechanical and optical properties as well as 
availability and cost. 

Samples of Kapton and the glass substrates were tested 
for spectral reflectivity exactly as the filter 
samples previously described. The samples were also 
tested for spectral absorfotivity^ although over much 
of the spectrum the glass samples were too thick for 
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any useful data. 


The resulting spectra are shovm in Fig. 4 and are 
discussed here qualitatively. The reflectivity 
peak of the glass, at explains the 

anomolus behavior of the filter samples in that 
spectral region. 

The Kapton samples show a very complex spectr\mi 

resulting from the organic nature of the material. 

All organic polymers would have similar spectral 

features. The regular high frequency features in 

absorbtion spectra are the interference between the 

front and back surfaces. At the .shorter wavelengths 

(3 M ) this Interference structure is consistent 

with. an index of refraction of 1.7; however^ at longer 

wavelengths (>10^/H) the index is significantly 

higher. The reflectivity curve Is characteristic of the 

classical "Anomolous dispersion" of absorbing 
5 

materials . It is clear from these tests that some 
effort would have to be undertaken to analyze the 
optical properties so as to sufficiently characterize 
the material for use in the all dialectric filter. 

Even with the proper characterization of the optical 
properties an extremely complex filter would be 
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Figure 4 - Substrate Samples 

The substrate reflectivity data uses the XlO expansion of the 
spectrometer. The normalization measures 100%; however, 
because of the linear expansion it also represents 10% in the 
expanded scale. A glass absorption sample is not given because 
the thickness of the samples prevented a meaning full measure- 
ment. 
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required if the concept is possible at all with such 
polymer films . 

Single layer samples of both Ge and ZnSe were deposited 
on Kapton substrates. These samples (Fig. 4) clearly 
show the effects of the substrate on the filter 
performance particularly above 5^ ^ • In addition, 
the period of the back - front interface structure 
significantly shorter at 15^ M than e.t 3 M 
indicating a higher index of refraction. 

These substrate tests have 'Shown that fabrication of an 
all dialectric broadband reflector, if at all possible, 
would require an extremely complex, difficult and 
expensive filter design. On the other hand a 
metallized substrate with a dialectric interference 
coating could economically provide the enhanced 
reflectivities . 
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5.0 CONCLUSIONS 

This study of the deposition process and substrates 
has succeeded in demonstrating the ability to use 
moderately high rate sputtering for the fabrication 
of interference filters in the infra red. This 
study has also defined the areas requiring further 
study — these being: 

- Residual gas analysis of the sputtering 
environment and establishment of pump 
down and cleanup requirements. 

- Further refinements of the control of the 
deposition rate and layer thickness. 

- Use of metallized polymer substrates for 
interference enhanced thermal reflectors. 

With the techniques and procedures developed over the 
course of this program, the refinements mentioned 
above, and the development of the roll coater as 
designed and reported earlier^ , the concept of a 
durable, rapdily producible, optically superior 
thermal reflector is now possible. 
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APPENDIX A 


Optical Properties of Materials as Used in Process Sample Designs, 


Index 

Wavelength Real Imag, 


^TTERTAL ^lASS ' " 

10 .0 0 0000 1 .^00000 

0 .OO'OOQC"* ^ OTOO‘00 0 3 ' -T7'. TO 0 0 OTT 

♦MATERIAL A*Pv 

ro.QO'Gooc rvoDTi^oa ■ 

0 . 0 0 0000 0.0000 0 3 -O.OQOOOG 

— nrATt-RT-Ar-- ■■ * 2 . 

4.Q0000O 2.434003 

5 . 0 cm 0 0 0-‘ '2."4310n0 -O'.O'ODOOO 

o.OQOQOC 2. 4 27 OCO -O.QOOOOC 

■ 7 . 0 CTO O'O'O' 2T4’23'D 0 O’ -n’."0'0"0 D'O'D'"' 

o.QQQOaO 2.416000 -il. 30 0 0 0 0 

g-.oOTro'tro ?~ . ~H n n]~ o a — ^m.'OtrorrtTti-' 

lO.OOOOOC 2.408000 -0.0030CC 

'-' 12 .0 0 o'ooo 2-."39’6'0 0 0 — -mv rttm o'pc 

14.0000 00 2.32800 0 -iJ.ODOflOO 

■ lo'. 0 D’O 0 0 0 2'.^78 0 0-Q ‘ - 0 .30 000 0 

Q.OQOOOC O.QOOOOt) -U.JOOQOO 

rpTATE RI A'r”"'C?E ^ 

4.003000 4.021093 

5.0 0 0000 4‘,016m'90- -H. 000000 

6,100000 4.0U9990 -0.000000 

"T.aOOOQP 4.t)0665a ■ -C.QOOtOt!- 

3.050030 4.004563 -0,000000 

g VlWO'O^tS 4 VtJ'u’33r3‘0 -0 ,'GOOtW'' 

la.OOOOQD 4.00320-0 -U, 310300 

12 .0 00000 4.0 02320 - 0. lonaQO 

14 .0 0 0000 4.00130 0 -O.GOQOOIj 

16 .0 00000 ■" 4. 130030 0 “ -n.OQOGOfl 

0.000 GOO O.COOOOO -0.000300 


Linear interpolation is used to estimate intermediate values, 
values are taken as constants over the entire spectral range. 






Single 
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APPENDIX B 
Listing of Program "Compare" 


PROGRAM COMPARE 

C- ^ - ALAJJ- RRALIK £2__M &5CH 1974 - _ _ , 

C COMPARES SPECTRAL REFLECTIVITY PEAKS 

COtitlDtiZPAAEZSAMB iMTL^SUBS ^T H IK^RATE.PRESS yTSPEC(3 .50) .SPEC (3 > SO) , 

l*IT,lS,0W(5d), 01(50 

-C tSREJT^.-.SP£C-a>al=JiA^£LENGJJl^J_^+J[J_=RE£LEBIIVXI:YJ^ _ 

C Flag code +=maxima, -=hinima, value=index of coresp peak, ioo=no core 

-...l---R£A0JAIUlQil)5AMB^j!llIJ^S.U^^^ : 

IF(E0F,6C) 99,2 

2,„ixmmLUE:__ ^ - „ 

WRITE (61, 10 DSAMFjMTL, SUBS, THIK,RATE, press 

- --CALL__SEtSP_Q_ tXS££C, XTJ _• _ _ __ 

CALL SETSPC (SPEC, IS) 

C . aEI,. JlBR£SP.aN.DlliG PEAJ^ , 

JJ=1 

QQ 1 0 T^iyTT 

II=I . 

- _ - If-U_,EfLJTJIX=J-l / : 

MATCH= JJ V- ' 

M FLAG= Q ^ ___ ' 

00 8 J=jj,is - - 

D T=ABS(T5PEC (1 , 1 1 ) -TSPEC ( 1, Il4- 1) ) _ 

0S=A8S (TSPEC (1,I)-SPEC(1, J) ) 

I£10^_t.^>(lL._CL R .TSPEC(3.I) ,N£,SPEC(3 ,J))GQ TO 8 __ 

IF(TSPEC(1,I) .GT*SPEC(1,J + 1MG0 TO 8 

ilElAGr.,1-.^ _ _ 

0M=A3S(TSPEC (1,1) -SPEC (1, MATCH ) ) 

IF(DS.LT*QM)MATCH=J _ . • •. . . 

8 CONTINUE - ^ - 

- _iEt.M.FLAG.,Ea,..o.);ao_.ia lo. ; ^ 

TSPEC J3» I) “SPEC (3,M ATCH) *FLOAT ( MATCH) /lO 0 . 

_sPEC(3.,:w.pa).=js.p_E(i.ari)» ' 

JJ=MATCH^1 

IF(JJ-Ff). I S)G0 TO 11 

10 CONTINUE ' • 


CimP_Ul£_ MA_V_EL£NGTH AND REFLECTIVI TY ERRORS 


11 

DO 20 1=1, IT 
OW(I) = 0. 


01(l)=0. 

SP=A8S(TSPEC_(3^I)> ; 

IF(SP.GT.50.)GO TO 2D 
_JS-P=IFIX(SP-*-.l) _ 


OW(I )= (TSPEC (1,1) -SPEC (1, ISP) )/TSPEC(i,T) 
.0I_11)_=ISB£.C_( 2_,I ) -.SP_£C ( 2 , 1 SP) 


20 

r* 

CONTINUE 

OUTPUI . . _ . 



1 = 1 

_j£l - 


21 

IF(I,GT.IT)GO TO 4Q 
TSP=A3S(TSPEC<3,I)) _ i 



ITSP=IFIX(TSP+.l) 

IF(T3PEC(1,I) .GT.SPEC (1 • J ) . AND . ITSP. NE. J ) GO TO 40 


IF(ITSP.GT.50)GO TO 30 
IF(TTSP.GT.J)GO TO 40 


IF(TSPEC(3,I) .LT,0. iGO TO 25 

. 2,0 



APPENDIX B-2 


C MATCHED PEAKS 

„ WRI7E(6 1.103 )TSP£C( l.I ) .SPEC ( 1 < I TSP) , OW (I > , TSPEC (2 » 1 > > SP EC (2 > ITSP ) 

i,OI(I) 

I=I»1 . ' ^ 

J=J+1 

: _G_0 TO _21 _ _ , 

25 WRITe(61,103)TSPEC(l,i),SPECM,iTSP>,OW(I),TSPEC<2,I),SPEC(2TlTSP> 

i_j_Dijn . _ . .. 

1 = 1*1 

J=j»l : . : : 

GO TO 21 

C UNMATCHED THEORETIC AL ^ . - _ _ 

30 IF{TSPEC(3,I>,LT.a,)G0 TO 35 

WR1TE(6 ltlQ4 ) TSPECt i.I) , TS PEC(2tI) 


1=1*1 

-00 1 ^ 

35 WRITE (61,105 )TSPEC( III) *TSPEC(2, I) 

IsXjLt . .... 

GO TO 21 

C UNMATCHED MEASURED - - ' - 

40 IF (J.GT.IS) GO TO 50 

IF(SPEC(3,J) «LT«0.) GO TO 45 

WRITE ( 6^., 106) SPEC (1 , J ) , SP EC (2 , J > 

J = J> 1 : 

GO TO 21 

45 W RITE <61. 10 7) SPEC (l.J) .SPEC (2, J) 

J = J*1 

^ GO TO 21 

C COMPUTE AVERAGE ANO STANDARD DEVIATION OF ERRORS 

5o_an=o^ _ : ; ■ \ 

A0W=0« 

AQI = Q . ^ 

SOH=0. 

S0I = 0« 

DO 55 1=1, IT 

S P=A9S<TSP EC<3,D) 

IF(SP.GT.50.)GO TO 55 

AN=AN*1. __ • . - 

AOH=AOM+OM<I) 

AQ1 = ADI*ABS(0I(I)) 

55 CONTINUE 

AQW = ADW/AN ■ ’ 

AOI=AOI/AN 

DO 59 1=1. IT ; • 

SP=ABS(TSPEC(3,D) 

IF(SP*GT/50,)GO TO 59 ^ ^ 

S0I=S0I+(0I (I)-ADI) 

_ - 5DN=SD W*(OW ( I) - A 0 WI . 

59 CONTINUE 

SDH=SQR T( SQW/AN) ^ . 


SOI=SaRT (SOI/AN) 
WRITE(61,1Q6) AOW.SDW,ADI,SDI 
GO TO 1 



APPENDIX B-3 


IQl F0RMAT(»1 SAMPLE PERFORMANCE SUMMARY^ ,//,* MATERIAL* , IHX i 

- lAA,y_* SUaSTJ^ATg* vllX ,A6»/* J 
2* DEPOSITION RATE»,5X,F10.0,'^ ANGSTROMS / MINUTE'^^/ 

-3*- SPUTTER GAS PRESS URE* , F 1 D , Q ^ ♦ MICRONS MERCU R Y* . /./_. ^ 

4* WAVELENGTH (MICRONS) *,lQX,*£RR0R*f lOX, ♦REFLECTIVITY (NORMALIZED) 

6 ♦ RET I C A L^ ^ ME A SUREO * f 7 X , ♦ D W / H*,9X ,*THEORETICAL MEASURED 

Z * . Z X . ♦ y 4GX r 3 < * M A X Ml N^, 1 5JO_t/J : ^ 

102 FORMATUX,2(Fl0.4,5X),F10,4t2X,3(F9*4,6X) ) 

- 1^ FORMAT (IX, 3(F1Q>4,5X) , IX , 3 (F 9>A»_&_X_L) : ^ 

104 FORMAT(1X,F10.4,5X, 2(5X,»XXXXX»,5X),F6.4,4X,2(5X,»XXXXX*,5X> ) 

U.Q3 FORM AT ( 1 X > F 1 Q , 4 , ^X , 2 ( 5 X .»XX XXX * ,5X ) , ^X._F_6_.A t:4X . 

106 FORMAT (6X, *X XXXX* ,5 X , FI 0, 4 , ICX,, 2 (* XXX XX* , 5X) ,5X ,F 6 • 4 , 9X ,* XXXXX* ) 
lJI7_-F.imA T (6X,»X X_XX X * , ^ X . F I 0 , 4. 1 OX , * XXXXX *,9X ,* X X XXX* . 1 DX « Ffa.> 4, 9 X ,*XX X 
IXX*) 

1Q8 FQRMAT(1HQ.*WAYELENGTH ERRORSY . LzUU 

1 ^AVERAGE *,F10 .4,10X,*OEVIATI0N *,F10.4,15X 
_ _2 *REFLECTI^/ITY ERRO R$* . IX , ' . 


3 * AVERAGE ♦ , FIO . 4 , 1 OX ♦ *0£VI ATI ON *fF10.4) 



SUBROUTINE SETSPC (SPC,II) 



DATA (FLAG=10d.) 

QQ 1.Q J=.U5.Q„ ^ ^ 

READ (60, 100) WVL,AMAX, AMIN 

_I£1N-VL fl-. jm,-TJ3_ZH, 

SPCd, J)=WVL 

IF(AHAJ(«:EL0,JL>_).G0__TQ_6 : 

SPC(2, J)=AMAX 

SPCL3._J):=_FL_AG_ _ 

GO TO 10 

a .SPC ,(_2«^J)=AMIN— . 

SPC(3, J)=-FLAG 

10 CO NTINUE ^___ 

WRITE(61,2flO) 

IX=?Q ^ ^ 

RETURN 

_2JL_II5J[-1_- ^ ^ 

RETURN 

IQQ ■ FORMAT_(3FLL Q .5) . 

200 FORMAT (*0 PEAK LIMIT EXCEOED*) 

EMD ^ • 


30 



APPENDIX C - Sample Data 


Sample numbers contain two characters - the first is the deposition 
lun, the second is the location in the sample holder. Two substrate 
holders were used. The first containing two positions (A, B) and 
the second containing four positions (1-4) with positions 3 and 4 set 
up for Kapton substrates. 

Not all substrate positions were used for every deposition run. In 
several cases samples were not run through the entire testing pro- 
cedure, e. g. samples on Kapton were not run through the comparison 
program, etc. 
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Performance Summary Sheets 

The following performance summary sheets are the output from 
program "Compare'^ as given in Appendix B. The information at 
the top of each sheet serves to describe the sample and summarizes 
the fabrication parameters. 

The tabulated data is the comparison between the theoretical and 
measured spectral peaks. The first two columns are the wave- 
lengths of the theoretical and measured peaks, respectively. When 
theoretical and measured peaks are "matched", i. e. , identified by 
the program as corresponding, their wavelengths are listed on the 
same line. 

Those peaks which are not matched are listed; however, the symbol 
XXXXX appears in place of the corresponding data. When, the peaks 
are matched, a fractional wavelength deviation from the theoretical 
value is computed and listed in the third column. 

The last three columns are the reflectivity data arranged as the 
wavelength, data. However, in this data, the maxima and minima 
are offset by a half column. Since the reflectivity is already 
normalized, the error is the simple deviation from the theoretical 
value. 

The surnmaries at the bottom of each page give the averages and 
standard deviations of the errors of the matched peaks. It should 
be noted that the reflectivity summary is of the absolute value of 
the errrors whereas the sign information is retained in. the wave- 
length data. 



sahple ia performance summary 


MATERIAL 

7N SE 
GLASS 





THICKNESS 

nppn»sTTTnM 

3.6314 

RATF 160 

m IGRONS 
ANGSTROMS / 

MINUTE 



SPUTTER GAS 

PRESSURE .10 

MICRONS MERCURY 



WAVELENGTH 
Twpn© PTTPai 

(MICRONS) 

measurfd 

ERROR 

nw / w 

REFLECTIVITY 

THEORETICAL 

(NORMALIZED) 

MEASURED 

ERROR 

OR 




MAX MIN 

MAX MIN 

MAX MIN 

2,0700 
? .1 an n 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.0405 

0.3550 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

2,3300 

p . ii.ann 

XXXXX 

?.4ft90 

XXXXX 

0.0004 

0.0401 

D-3552 

XXXXX 

0.3500 

XXXXX 

0.0052 

2.6600 

p-ft/nn 

2,6770 

2.6740 

-0.0064 

-Q.0014 

0.0406 

Q.3554 

0,0850 

0.3150 

-0.0444. 

0,0404 

3.1100 

3.3QQ0 

3.1250 

3.3Q60 

-0.0048 
■ -D.Q018 

0.0401 

0.3555 

0,0450 

0.3200 

-0,0049 

0.0355 

3,7300 
u . 1 ii.n n 

3.7450 

4.1410 

-0.0040 

-0.D002 

0.0401 
0 . 3553 

0.0400 

0.3380 

0.0001 

0.0173 

4,6600 
S ,3?GQ 

4.6730 

5-3330 

-0.0026 . 
-0-QQ24 

0.-0401 

ii.3541 

0.0120 

0,3420 

0.0281 

0.0121 

6,2000 
7 u>t)n 

6.18 0 0 
7.1700 

0.0032 

0.b337 

0.0401 

D.3513 

0.0050 
D. 3360 

0 .0351 
0.0153 

9-2500 
YYyi V 

8.8110 
q.681 0 

0.0475 

XXXXX 

0.0401 

XXXXX 

O.QQ60 

0.3700 

0.0321 

XXXXX 

XXXXX 
IP. ? 000 

11.1000 
XXXXX ' 

XXXXX 

XXXXX 

XXXXX 

0.3436 

0.1780 

XXXXX 

XXXXX 

XXXXX 

XXKXX 

12.3000 

XXXXX 

XXXXX 

0.2580 

- XXXXX 

WAVELENGTH 
Ai/CDA r.P 

ERRORS 
n . n nc;i 

DEVIATION . 

0^16i 



aPPlPrTTUTTV — — 

AVERAGE 

0.0225 

OEVIATION 

0.0241 





SAMPLE IB 


PERFORMANCE SUMMARY 



material 
substra te 

THICKNESS 

p^pnC^TTQN RAT_£ 

SPUTTER GAS PRESSURE 


3.1413 
IM 


microns 

angstroms 


/ minute 


10 microns mercury 


ViAYELENGTH (MICRONS) 
theoreti cal JIEASUREQ- 


ERRCR 
OW / W 


reflectivity 
THlPMIiCAk... 
"max min 


(NORMALIZED) 

measured .^, 

MAX MIN 


ERROR 

DR 

MAX 


MIN 


2..Q400 



2.3500 


XXXXX 

JfX XXX 


2 .7000 
. Q6Q-0- 


xxxxx 



2.7S50 
3>a6^i3 


XXXXX 
XXX XX 
XXXXX 


0.3554 

0.0409 


XXXXX 

XXXXX 


XXXXX 

XXXXX 


-0.0018 

>p.oo7_a 


3.4000 
3.a2Q_IL- 
4 .370 0 
5 .080 0 


3.4360 

3,631 0 


6.1008 

7.6000 


4.3960 

5.128 0 

6.1700 

7.6200 


10 .0500 
. XXXXX 


9.0900 

10.6400 


-0.0106 

- 0,0029 

-0.0059 

-0.0115 

-0.6026 

0.0955 

XXXXX 


0.3554 

0.3555 

0.04QX 

0.3554 

0.D4Q± 


0.3551 

0^041_2__ 

0.^3531 

0.0401 


XXXXX 

Q.115 0_ 

0.3130 

Q.062D 

0.3150 

Q.0560 

0.3280 

0.0230 


XXXXX 

-0.0748 

0.0425 

-0.0219 


0.0404 . 

-0.0159 


0.0271 

0*0172 


0.3600 

0.0010 


XXXXX 


11.6300 


XXXXX 


0.3471 
__ XXXXX 

XXXXX 


0 


53 20 

0*1080 


-0*0069 

0.0391 
■^2 349 ' 

XXXXX 


0.1700 


XXXXX 


WAVELENGTH ERRORS 
AV 0.0033_ 


de V1ALI21L 


0.0309 


R£_FLE CTI VilY — 

average 0.0521 


OE VIATION 


0.1069 



SAMPLE 2A 

PERFORMANCE SUMMARY ‘ 




MATERIAL 

ZN SE 





SUBSTRATE 

_ GLASS 





THICKNESS 

3 

.8202 MICRONS 



. 

DEPOSITION 

RATE 

480 ANGSTROMS 

/ MINUTE 



SPUTTER GAS 

PRESSURE 

10 MICRONS MERCURY 



WAVELENGTH 

(MICRONS) 

ERROR 

REFLECTIVITY 

(NORMALIZED) 

ERROR 

THFDftETTOfll 

_ Jl£A5iia£.Q_ 

DW / M 

THEORETICAL 

MEASURED 

OR 




MAX MIN 

MAX MIN 

MAX MIN 

2 .0700 

XXXXX 

XXXXX 

D.0415 

XXXXX 

XXXXX 

2^90 0- 

XXXXX 

XXXXX 

0-3553 

XXXXX 

XXXXX 

2 .3200 

XXXXX 

XXXXX 

0.0411 

XXXXX 

XXXXX 

2^aQQ 

_ - 

. XXXXX 


XXXXX 

XXXXX 

w 2 .6600 

2.6010 

0.0222 

0.0405 

0.1340 

-0.0935 

2.7620 

0.0273 

0.3555 

0.3120 

Q.0435 

3.1000 

3*0300 

0.0226 

0.0401 

0.0870 

-0.0469 

s..iRnn 

3.3060 

_ 0.0219 

0.3555 

0. 3150 

0.0405 

3..7200 

3.6230 

0.0261 

0.0401 

Q.0720 

' -0.0319 ■ 

. 4.1300 

_4-Tq24j- 

0.0257 

G.3553 

0.3370 

0.0183 

4 .6400 

4.5250 

0.0248 

0.0402 

0.0410 

-0,0008 

5...jQ0 0 

J 5a9Q0 

Q.020A 

0.3541 

0.3400 

0.0141 

6 .160 0 

6.Q20Q 

0.0259 

0.0401 

0.0230 

0.0171 

7.4QOO 

7.3300 

0.0027 

0.3513 

C.4130 

-0.0617 

9.2000 

8.600Q 

0.0652 

0.0401 

0.0350 

0,0051 

XXXXX 

93.49011. 

XXXXX 

XXXXX 

0*4320 

XXXXX 

XXXXX 

10.9600 

XXXXX 

XXXXX 

0.1900 

XXXXX 

12.2QQ0 

12.2000 

0.0000 

0.3437 

0.2710 

0.0727 

-WAVELEJjGTH ERRORS 





AVERAGE 

0.0238 

DEVIATION 

0.0152 



KEFLECTIVITY ERRORS 





AVERAGE 


DEVIATION 

0.0604 - 





SAMPLE 28 

PERfORHANCE SUMMARY 





material 

SUBSTRATE 

ZN SE 
glass 





^ 

THICKNESS 

DEPOSITION 

4. 

RATE 

3127 MICRONS 
480 ANGSTROMS 

/ MINUTE 




SPUTTER GAS 

PRESSURE 

10 MICRONS MERCURY 




WAVELENGTH 

THEORETICAL 

(MICRONS) 

MEASURED 

ERftCR 
QW / H 

REFLECTIVITY 

THEORETICAL 

(NORMALIZED) 

MEASURED 

ERROR 

OR 





MAX MIN 

MAX MIN 

MAX MIN 


2.QOOO 

2.1000 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.3554 

D.0402 

XXXXX 

XXXXX 

XXXXX 

XXXXX 


2.210Q 

2.3300 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.3555 

0,0405 

XXXXX 

XXXXX 

XXXXX 

XXXXX 


2.4700 

2.6200 

XXXXX 

2.6320 

XXXXX 

-0.0046 

0.3555 

0*0408 

XXXXX 

0.0970 

XXXXX 

-0.0562 

^ — 

2.8000 

3.0000 

2.7640 

3.0030 

0.0057 

-O.QOlO 

0.3554 

0.0401 

0,3400 ; 
0.0600 

0.0154 

-0.G199 


3.2300 

3.5000 

3*2310 

3.5090 

-0.0003 

-0.0026 

0.3555 

0.0401 

0.3350 

0.-0460 

0*0205 

-0.0059 


3.8200 

4.2000 

3.8200 

4.1800 

0,0000 

0.0046 

0.3554 

0.0401 

0.3420 

0,0400 

0.0134 

O.QOQl 


4.6600 

5.2400 

4.6600 

5.2400 

0.0000 

O.OOOG 

0.3548 

0.0401 

0.3530 

0.0170 

0.0018 

0.0231 


5 .9800 
6.9600 

5.9800 

6,9500 

0^.0000 

0.0014 

0.3533 

0.0401 

0,3650 

0.0010 

-0.0117 . 

0.0391 


e.3400 
10 .4000 

6.35i)0 

9-4300 

-O.OOlZ 

0.0933 

0.3500 

0.0402 

0.6000 

0.0010 

-0.2501 

0.0392 


XXXXX 

XXXXX 

10*4600 

11.2300 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.2050 

0.1500 

XXXXX 

XXXXX 


VJAVEL ENGTH 

ERRORS 






AVERAGE 

0.0 07 3 

DEVIATION 

0.0249 




REFLECTIVITY ERRORS 

a >038 3 DEVIA TIO N J3.*P696 



SAMPLE 3A 

PERFORMANCE SUMMARY 


^ 

_ 

MATERIAL 

2N SE 
GLASS 




- — 

thickness 
_ DEPOSrriQN 

2. 

RATE 

5699 MICRONS 
920 ANGSTROMS 

/ MINUTF 


' ^ 

SPUTTER GAS 

PRESSURE 

10 MICRONS MERCURY 



ViAVELENGTH 

THEORFTTCAf 

(MICRONS) 

MEASURFD 

ERROR 
OW / H 

REFLECTIYTTY 

THEORETICAL 

(NORMALIZED) 

measured 

ERROR 
□ R 




MAX MIN 

MAX MIN 

MAX MIN- 

2.0800 

2.270Q 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.0410 

0.3552 

XXXXX 

XXXXX 

XXXXX 

j . 2.5000 

' . 2.780 0 

2.5250 

2s775JL_ 

*0.0100 

o.onn? 

0.0401 

0.3555 

0.1100 

0.3280 

A A A A A 

-0.D699 

3.1300 
-1.570 0 

3.1850 

^ 1..5970 

-0.0176 

-Q.OD76 

0.0401 

0.3554 

O.D630 

0.3250 

U • U c 7 p 

-0.0229 

4.1700 
- 5^imoo 

4.2020 



-0.0077 

^-*0126, 

0.0401 

G.3450 

0.0450 
0 .3i5n 

-0.0049 

6.2400 

__fi-.260Q 

6.1490 

8.4n3-g„_ 

-0.0175 

0.0401 

0.3500 

0.020 0 
n . Fn*;n . 

0.0201 

XXXXX 
XXXXX 

9.9010 
10.9400 

XXXXX 

XXXXX 

XXXXX 
- XXXXX 

fl.OOlO 
n . 1 1 nn 

-0.2550 

XXXXX 

XXXXX 

12.1200 

XXXXX 

XXXXX 

0.0450 

A A A A A 

XXXXX 

WAVELENGTH ERRORS 
AyERA_G£ * Q , 0 1 Q q 

DE VIATTON 

0.C057 



REFLECTIVITY 

ERRORS - : 






AV'ERAGE 

0.0551 

DEVIATION 

0.1255 

.... ... 




SAMPLE 3B 

PERFORMANCE SUMMARY 




MATERIAL 
ciiocT eATr 

ZN SE 
r.i ASS 





THICKNESS 

ncDn«^T TTnu 

2.9572 

PATF 920 

MICRONS 
ANGSTROMS / 

MINUTE 


“ ■ 

UcrUo J. 1 lUfi — 

SPUTTER GAS 

PRESSURE 10 

MICRONS MERCURY 



WAVELENGTH 

(MICRONS) 

MEASURED 

ERROR 
DM / N 

REFLECTIVITY 

THEORETICAL 

(NORMALIZED) 

MEASURED 

ERROR 

OR 

1 ntwKt. 1 wJb. 



MAX MIN 

MAX MIN 

MAX MIN 

2.Q6Q0 
9 . ?in n 

. XXXXX 
XXXXX 

XXXXX 

XXXXX 

0.0408 
0. 3551 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

2.4000 

® ’ f> C.9fl fl 

XXXXX 
9 - AS fi fl 

XXXXX 

-0.0115 

0.0401 

0.3554 

XXXXX 

D.26Q0 

XXXXX 

0.0954 

C . O^U u_ 
2.8600 
. ?nn n 

3.0000 

3.2700 

-0.0417 

-0.0219 

0.0401 

n.3555 

o.ieoo 

0.2300 

-0.1399 

0.1254 

3.6Q00 
a ^ 1 1 n n 

3.5200 

4.0400 

0.0222 

0.0170 

0*0401 

0.3553 

0.1700 

0.2580 

-0.1299 

0.0973 

4.7900 
5 .7400 

4.6700 

5.6600 

0.0251 

0.0105 

0*0401 

0.3536 

0.1250 

0.3020 

-0 . 0849 
0.0516 

7.1600 

9.5000 

7.030Q 

8.3200 

0.0162 

0.0716 

0.0401 

0.3461 

0,0750 

0.5650 

-0.0349 

-0.2369 

XXXXX 
vy Yy Y 

10.2100 

11.3600 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0. 0600 
0.142C 

XXXXX 

XXXXX 

UA ViCi FKI^TM 

psf?nRS 





AVERAGE 

0.0099 

DEVIATION 

0,0306 

• 



AVERAGE 


0.1107 


deviation 


0.1841 



. SAMPLE 4A 

PEREORMANCE SUMMARY 




MATERIAL 

CIIR^TC&TF 

GE 

G\ ASS 






THICKNESS 

3. 

P ATF 

4385 

ui n 

MICRONS 
ANGSTROMS / 

MINUTE- .. . 



Uh j. 1 lUN — 

SPUTTER GAS 

PRESSURE 

10 

MICRONS MERCURY 



WAVELENGTH 

(MICRONS) 

WCTACMPm 


ERROR 
nw / w 

REFLECTIVITY 

theoretical 

(NORMALIZED) 

MEASURED 

ERROR 

OR 

THEQREllUAL 




MAX MIN 

MAX MIN 

MAX MIN 

2*0500 

xxxxx 


xxxxx 

xxxxx 

0.6895 

Q.Q446__ ^ 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

» 1 ijiU u — 
2*2100 

XXXXX 

xxxxx 


xxxxx 

xxxxx 

0.6892 

..0.._a5_2.5 

xxxxx 

xxxxx 

XXXXX 

XXXXX 

. . C U □ U- 

2*4100 
9 n 

XXXXX 

?.c;2Hn 


xxxxx 

*0.0072 

0.6885 

0.0472 

xxxxx 

0.1850 

XXXXX 

-0.1378 

2.6300 
o 77ft n 

2.6420 

P^7ftQ0 


-0.0046 

D.6891 

0.0446 

Q.62BD 

0.1600 

0.0611 

-0.1154 

ajJ-j u u - 

2^9100 

2.9370 

3.1350 


-0.0093 

-0-0212 

0.6896 

0.0417 

0.4320 

0.2700 

Q.2576 

-0.2283 

o * u.iJj .U- 
3.2500 
*? . £*Afi n 

3*2680 

3.4130 


-0.0055 

Q,0136 

0.6894 

0 .0409 

0.3650 

0.2500 

0.3244 

-0.2091 

3.6900 
7 . QFfl n 

3.6100 

3-6830 


0 .0217 
0.0170 

0.6896 

.. 0.Q402_ 

0.5420 

0.1430 

0.1476 

-0.1028 

4 .250 0 
1 . FI n n 

4.1930 
4. 6300 


0.0134 

-0.0043 

0.6894 

fl.Q408 

0.6600 

0.0550 

0.0294 

-0.0143 

5.020 0 
F . n 

5.0300 

5-5700 


-O.QOZO 

-0.0091 

0.6889 

0.0401 

0.5650 

0.1480 

0.1239 

-0.1079 

- «^_ * ^ *- ^ ** 
6.120 0 

6.Q300 
c. 7n n rt 


0.0065 

0.0262 

0.6860 

0^0406 

0.4420 

Q.ldao 

0.2460 

-0.0674 

6 .^fi D-Q- 
7.6600 

7.7200 

fl 7n n n 


0.0178 

0.Q543 

0-6874 

0.0411 

0.6730 

0-0350 

0.0144 

0.0061 

xxxxx 

9.5200 
1 n . QQ n n 


XXXXX 

xxxxx 

XXXXX 

xxxxx 

0.6250 

3,3250 

XXXXX 

XXXXX 

> A ^ ^ 

11.0000 

12.0600 

xxxxx 


-0.^64 

XXXXX 

0.6871 

0.4080 

XXXXX 

0.2791 

XXXXX 

xxxxx 

14,3000 


xxxxx 

XXXXX 

0-0880 

XXXXX 

WAVELENGTH 

r \i c-OA r c 

ERRORS 

n n n n 7 


OFVIATION 

0.0 291 



/^»-c i c /• TTi: TTV COOriDC 






Tviir cc, V » 

AVERAGE 

0*1374 


OE VI ATION 

0.1983 





SAMPLE, 4B 

PERFORMANCE summary 




material 

GE 





SUBSTRATE 

GLASS 





THICKKESS 

3. 

4949 MICRONS 




DEFCSITION 

RATE , 

410 ANGSTROMS 

/ MINUT£_ . 



. ■— 

SPUTTER GAS 

PRESSURE 

10 MICRONS MERCURY 



KA VEl EMGTH 

(MICRONS) 

ERROR " 

REFL ECTIVITY 

( NORMALIZED) 

"error 

theoretical 

MEASUREO 

OH / K 

THEORETICAL 

MDASURED 

DR 




MAX MIN 

MAX HIN 

MAX HIN 

2.Q1QQ 

XXXXX 

XXXXX 

0.0440 

XXXXX 

XXXXX 

2.0800 

XXXXX 

XXXXX 

0.6692 

XXXXX 

XXXXX 

2.1600 

XXXXX 

XXX X~X 

0.04 43 

XXXXX 

XXXXX 

2 .2500 

XXXXX 

XXXXX 

0.6696 

XXXXX 

XXXXX 

2 . 3*t0 Q 

XXXXX 

XXXXX 

0.0437 . 

XXXXX 

XXXXX 

2 .4400 

2.5450 

^0.0430 

d.6887 

0.4300 . 

0.2587 

2.5600 

2.6320 

•0.0281 

0.0471 

0.2140 

-0.1669 

2 .6601] 

2.7400 

-0.0224 

0.6894 

0.5830 

0.1 044 

2 .8100 

2.9150 

-0.0374 

0.0404 

0-1500 

-0,1096 

2.9600 

3.0360 

-0.0426 

0.6896 

C.5150 

0*1746 

) ^ 3 .1200 

3.2570 

-0.0439 

0.0421 

0.2300 

-0.1879 

3.3100 

3.4130 

-0.0311 

0.6895 

Q.44QG 

0.2495 

3.5100 

3.5780 

-0.Q194 

0.0417 

Q.1680 

-0.1263 

1 3.7500 

3.8170 

-0.0179 

0.6696 

0 • 6650 

0.0 246 

4 .0200 

4.1490 

-0.0321 

0.0411 

0.1300 

-0.C389 

4.3200 

4.4600 

-0.0324 

0.6694 

0.5600 

0.1294 

* 4.6800 

4.8200 

-0.0299 

^ 0-.04 0 1 

0.1850 

-0.1449 

5.1000 

5.1900 

-0.0176 

0.6883 

0.5070 

0-1818 

5.6000 

5.670D 

-0.D125 

0.0415 

D.QIOO 

0 • 0315 

' 6.2200 

6.3900 

-0.0273 

0.6880 

0.7100 

-0.0220 

7.0000 

7.2900 

-0.0414 

0.0401 

0.0010 

0 . 0391 

ft . nnn n 

8.2300 

-0.0287 

0.6374 

0.6930 

-0 • 0 U5b 

> 9.3500 

9.0100 

0.0364 

0.0411 

0.0100 

0.0311 

XXXXX 

9.8500 

XXXXX 

XXXXX 

0.5500 

XXXXX 

XXXXX 

10.8500 

XXXXX 

XXXXX 

0.3050 

XXXXX 

» 11 .2000 

12.1000 

-0.0804 

0.6871 

0.3380 

0.2991 

14.0000 

XXXXX 

XXXXX 

0.04G2 

XXXXX 

XXXXX 

XXXXX 

14.4000 

XXXXX 

XXXXX 

0.0660^ 

XXXXX 

) 

WAVELENGTH 

ERRORS 





AVERAGE 

-0.O2BO 

DEVIATION 

0.0211 




REFLECTIVITY ERRORS ' 

fiVERAGE 041250 OtVlATION 


041722 



SAMPLE 5A 

PERFORMANCE SUMMARY 




material 

GE 

Gl ASS 






THICKNESS 

3. 

1898 

8?0 

MICRONS . 

ANGSTROMS / 

MTNUTE 



DEFQS 1 1 1UN__ 
SPUTTER GAS 

i_C 

PRESSURE 

9 

MICRONS MERCURY 



wavelength 

(MICRONS) 

MEfiSnPFO 


ERROR 
nw / w 

REFLECTIVITY 

THEORETICAL 

(NORMALIZED) 

measured 

ERROR 

OR 

1 MtUKt 1 XOML. 




MAX MIN 

max min 

MAX MIN 

2.050Q 

XXXXX 

yyyYX 


XXXXX 

XXXXX 

0.6891 

fl .0423 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

2 .2300 

XXXXX 


XXXXX 

XXXXX 

0.6896 

D.0426 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

^ » jjU.U — 

2.44,0 0 

2.5460 
9 . f;7Afi 


-0.0443 

-n.RU 2 Q 

0.6891 

0.0455 

0.5500 

0.3600 _ 

0.1391 

-0.3145 

X « u u — 

2. 700 0 

2.8010 
p . Qp Q n 


-0.0374 

-n.0382 

0.6896 

Q.04Q_2 

0.5300 

n.3200 

0.1596 

-0.2798 . 

? . obfl U 

3.0200 

3.1150 

- 

. -0.0315 
-Q.0383 

0.6896 , 

0.0411_ 

0.5700 

Q.29QQ_ 

0.1196 

-0.2489 

3.4200 

3.5210 

i-78in 


-0.0295 

-n.Q302 



0.1096 

-0.2434 

^ • D # U U 

3.9500 

4.0240 

li.kORfl 


-0.0187 • 
-n.0316 

0.6895 

D.04Q9 ■ 


0.0896 

-n.1841 

U md fUU 

4*660 0 

4.d6d0 
S-PR1 n 


-0.0318 

-n.0334 

0.6891 

n.0403 

0.6500 

0.1700 

0.0391 

-0.1297 

_p.jui.tim_ 

5.6600 

5.8650 
t . c; n 1 n 


-0.0326 

-n.03i4 

0.6883 

D.Q404 

0.6500 

0.1250 

0.0 38 3 

-0.0846 

b . 4U tJ U 

7.3000 
a tzon n 

7.5360 


-0.0323 

-0.0136 

0.6876 

n.04Ql 

0.7250 

0.1250 

-0 . 0 374 

-0.0848 

p .?fcU w 
10.2000 

9.4790 
1 1 . 1 1 nn 


0.0707 

XXXXX 

0.6872 

XXXXX 

0.6900 

0.5Q0O 

-0.0028 

XXXXX 

A A A A A 

^ XX XXX 

12.6600 


XXXXX 

XXXXX 

0.12Q0 

XXXXX 

WAVELENGTH 
f (f droA r c 

ERRORS 

-.n 


flEtflATlON 

0.0253 



»rPlPrTTtfTTY ERRORS 





: 

AVERAGE 

Q.1356 


deviation 

0.2435 









SAMPLE 5B 

PERFORMANCE SUMMARY 

- 



MATERIAL 

GE 





SUBSTRATE 

GLASS 





THICKNESS 

3. 

0200 MICRONS 




DEPOSITION 

RATE 

a?n ANGSTROMS 

/ MINUTE 



SPUTTER GAS 

PRESSURE 

9 MICRONS MERCURY 



WAVELENGTH 

(MICRONS) 

ERROR ■ 

REFLECTIVITY 

(NORMALIZED) 

ERROR 

THEORETICAL 

MEASURED 

□W / W 

THEORETICAL 

MEASURED 

DR ■ 



' 

MAX MIN 

MAX ‘ MIN 

MAX MIN 

2-Q2G0 

XXXXX 

XXXXX 

0.0529 

XXXXX 

XXXXX 

2.iioa 

XXXXX 

XXXXX 

0.6893 

XXXXX 

XXXXX 

2.2100 

XXXXX 

XXXXX 

0.0414 

XXXXX 

XXXXX 

2.3100 

XXXXX 

XXXXX 

0.6891 

XXXXX 

XXXXX 

2.A300 

XXXXX 

XXXXX 

0.0403 

XXXXX 

XXXXX 

2.5600 

2.5060 

0.0211 

0.6894 

0.6100 

0.0794 

2.7000 

2.6250 

0.0276 

0.0403 

0.3100 

-0.2697 

2.86QQ 

2.7400 

0.042.C 

ij.6895 

0.5600 

0.1295 

; 3.0400 

2.8990 

0.0464 

0.0418 

0.2900 

-0.2482 

3.2400 

3.0670 

0.0534 

0.6896 

0.5900 

0.0996 

3.4700 

3.2680 

. 0.0582 

0.0401 

0.2300 

-D. 18 9.9 

XXXXX 

3.4480 

XXXXX 

XXXXX 

0.6230 

XXXXX 

XXXXX 

3.5900 

XXXXX 

, XXXXX 

0*2500 

XXXXX 

3 .7400 

3.9760 

-0.0631 

0.6896 

0.6300 

0.0 596 

4.050 0 

4.2920 

-0.0598, 

0.0402 

0.1900 

-0.1498 

4.4100 

4.7170 

-0.0696 

0.6893 

0.6700 

0.0193 

4 .6500 

5. 17 00 

-0.06&G 

0.0402 

0.1250 

-0 .0846 

5.3800 

5.7300 

-0.0651 

0.6885 

0.6600 

0.0285 

6.0600 

6.4400 

-0.0627 

0.0403 

0*0800 

-0.0397 

6 .q 20 G 

7.4300 

-0;0737 

0.6877 

0.7300. 

-0.0423 

a. 0600 

8.4600 

-0.0496 

0.0401 

0.0600 

-0.0399 

9.6500 

9.3500 

0.0311 

0.6872 

0.7400 

-0.0528 

XXXXX 

11.1100 

XXXXX 

XXXXX 

0.4500 

XXXXX 

12.1000 

XXXXX 

XXXXX 

0.0402 

XXXXX 

XXXXX 

XXXXX 

12.4700 

XXXXX 

XXXXX 

0.1000 

XXXXX 

WAVELENGTH 

ERRORS 





AVERAGE 

-0.0153 

DEVIATION 

0.0527 



keelec-tivity errors 





AVERAGE 

0.1022 

DEVIATION 

Q.19Q7 





SAMPLE 6-2 


PERFORMANCE SUMMARY 





■ 

MATERIAL 
- . Sa6SXRAI£^._„_ 


GE 

GLASS. 






- -XIEEQSIIJOJ^ RATE 

2 

.8042 MICRONS 
830 ANGSTROMS / 

MINUTE 

• 


SPUTTER GAS 

PRESSURE 

10 MICRONS MERCURY 


. 

WAVELENGTH (MICRONS) 

XH££lRiI iJiAi B£_a SliREa 

ERROR 
. OH / W 

REFLECTIVITY 

thloseiica 

(NORMALIZED) 

MFASURFn 

ERROR . 
OR 





MAX MIN 

MAX MIN 

MAX MIN 

2.050Q 

-■g.isnn 


XXXXX 
_ XXXXX 

xxxxx 

-XXXJtX 

0.0402 

XXXXX 

xxxxx 

2.2600 

-- 


xxxxx 

xxxxx 

xxxxx 

xxxxx 

0.0476 

0.6890 

XXXXX 

xxxxx 

A A A A A 

xxxxx 

V V Y vv 

2.5100 
R.65QQ 


2.5940 
2. 7250 

-0.0295 

*0.0283 

0.0437 

0.6894 

0.1700 
n . n ft 

-0.1263 

2.8200 
- 3 .QIQD 


2.8900 

3..Q9QQ 

-0.0248 

_^0266 

0i0401 

0,6895 

0.1500 

0.5800 

U . 1 U9 J 

-0.1099 

3.2200 

3.47jm_ 


3.3000 
1.55 0 0 

-0.0248 

.. -0.0231 

0.0406 
0 . 6896 

0.1200 
n . cd ft n 

-0.0794 

3.760 0 - 
- R .jLO-Q 0 


3.8300 

-0.01B6 

-0;0146 

0.0401 

0.6895 

0.1 100 
0.6000 ‘ 

u . u 99 ° 
-0.0699 

fl . n ftQc; 

4 .5100 
. xxxxx 


4.5700 

_J5^Si3JL_ 

-0.0133 

XXXXX 

0.0402 

XXXXX 

.0.0900 

0.6200 

-0.0498 

Y V V Y V 

5 .6200 
6-42TL0. 


- 5.7000 
6.5400 

-0.0142 
- _ -0.0187 

0.04D4 

0.6879 

0.0700 

0.6500 

-0.0296 

ft . n T7Q 

7 48 0 0 
- xxxxx 


7.5500 

8.7700 

-0.0094 

XXXXX 

0.Q403 

XXXXX 

0.0 30Q 
0.7900 

0.0103 

YYY vv 

- xxxxx 


10.2600 

xxxxx 

xxxxx 

0.1500 

A A A A A 

xxxxx 

WAVELENGTH ERRORS 
— AVERAGE -J)cjD2 0 5 

OEVJATION . 

O.Qi363 




i.£FL£CTlVIT Y E.^RORS 

A»/ERAGE 0.0768 OE\/IATION " t)’.1148 



SAMPLE 7-2 ■ PERFORMANCE SUMMARY 


MATERIAL 

substrate 

GE 

GLASS 





TMICKNESS 2* 

DEPOSITION RATE 

3461 MICRONS 
970 ANGSTROMS / 

MINUTE 



SPUTTER GAS 

PRESSURE 

10 MICRONS MERCURY 



WAVELENGTH 

(MICRONS) 

ERROR 

REFLECTIVITY 

(NORMALIZED) 

ERROR 

THEORETICAL 

MEASURED 

OW / W : 

THEORETICAL 

MEASURED 

OR 




MAX MIN 

MAX . MIN 

MAX . MIN 

2*1000 

XXXXX 

XXXXX 

0.0408 

XXXXX 

XXXXX 

2.2200 

XXXXX 

xxxxx 

0.6895 

xxxxx 

XXXXX 

2.3600 

XXXXX 

xxxxx 

0.0403 

xxxxx 

xxxxx 

2.5200 

2.6100 

-0.0357 

0.6896 

0.6300 

0.0596 

4. 2.7000 

2.7900 

-Q.0333 

0.0405 

0.1203 

-0.0795 

^ ' 2.9100 

3.0300 

-Q.0412 

0.6894 

Q.6100 . 

0.0794 

3.1500 

3.2400 

-0.0266 

0.0404 

,0.1100 

-0.D696 

3.4300 

3.5300 

-0.0292 

0.6895 

0.6300 

0.0595 

3.7600 

3*3800 

-0.0265 

0.0403 

0.09QD 

-0.0497 

4.2000 

4.5000 

-0.0714 

0 . 6894 

0.6200 

0.0694 

4.7200 

4.8100 

-0.0191 

0.0402 

0.0600 

-0.0198 

5.3800 

5.5400 

-0.0297 

0.6866 

0.6700 ■ 

0.0166 

6 .2800 

6.3900 

-0.0175 

0.0402 

0.0400 

0.0002 

7.5200 

S.1300 

-0.0811 

0.6875 

0.750D 

-0.0 62 5 

S .4000 

9.0900 

0.03 30 

0.0401 

0.0010 

0.0391 

xxxxx 

12.2700 

xxxxx 

XXXXX 

0.6000 

xxxxx 

WAVELENGTH ERRORS 

AVERAGE 

-0.0317 

DEVIATION 

0.0270 



REFLECTIVITY ERRORS 





AVERAGE 

0.0506 

OEVIATION 

0.0731 




SAMPLE 8~Z 

PERFORMANCE SUMMARY 




MATERIAL 

SllfiSTRATF 

GE 

GLASS 





THICKNESS 

nFPnSTTTQN 

1. 

RATE 

7950 MICRONS . 

510 ANGSTROMS / 

MINUTE 



SPUTTER GAS 

PRESSURE 

5 MICRONS MERC 

URY 



WAVELENGTH 

TUPAOFTTrAI 

(MICRONS) 

MFASlJRFn 

ERROR 

OH / W 

REFLECTIVITY 

THEORETICAL 

(NORMALISED) 

MEASURED 

ERROR 

OR 




MAX MIN 

MAX MIN 

MAX min 

2.0600 
9 . 99|H n 

XXXXX 

XXXXX 

XXXXX 

xxxxx 

0.0416 

0.6896 

XXXXX, 

XXXXX 

XXXXX 

xxxxx 

^ 2.4100 

? .6:?nn 

XXXXX 

xxxxx 

xxxxx 

xxxxx 

0.G417 

0.6894 

XXXXX. 

XXXXX 

xxxxx 

xxxxx 

2.8900 
■? - 91 n n 

2.6500 

9.9400 

0.0630 

0.0841 

0 .0404 

0.68^96 

0-1500 

0.6900 

-0.10 9 6 
-Q.OQ04 

3.6100 
L .1 9nfl 

3.28 0 0 
3.7500 

0.0914 : 
Q.Q898 

0.0401 

0.6695 

0.11 00 
0.7100 

-0.C699 

-0.0205 

4.8100 

R.Vpino 

4. 3500 
5-2900 

0 . 09 56 
0.0938 

0.0401 

n-6883 

0.0700. 

0.7200 

^0. C298 
-0.0317 

7.2000 

Q^ftonn 

6.5100 

8.7000 

, 0.0958 
0.0936 

0.0402 

0.6872 

0.C30O 

Q.640C 

0.0102 

-0.1528 

xxxxx 

12.4200 

XXXXX 

XXXXX 

0.0900 

XXXXX 

WAVELENGTH 

AUFOaGF 

ERRORS 

0-0909 

DEVIATION 

0.0046 



CFPI Pr.TTtfTTY Er^RORS 

AVERAGE 

0.0531 

DEVIATION 

0.1163 




o 


SAMPLE 9-2 


PERFORMANCE SUMHARY 


material 

_sjjasiMIE. 


GE 
GLASS 


THICKNESS 

nEPQSiTION RATE 

SPUTTER GAS PRESSURE 


2.7266 
545 


MICRONS 
ANGSTROMS 


/ MINUJE. 


15 MICRONS MERCURY 


WAVELENGTH (MICRONS) 
T HEORETICAL ME ASU^Q. 


ERROR 

ow / w 


REFLECTIVITY 
_XHE0R ETICAL 
MAX MiN 


(NORMALIZEO) 

measured 


2.1900 

_2 

2 .4400 
2.560 0 


XXXXX 

XXXXX 


XXXXX 

XXXXX 


XXXXX 

XXXXX 


XXXXX 

XXXXX 


XXXXX 

XXXXX 


2.6100 
2 . 77 00 


XXXXX 

XXXXX 


2.7400 

2.9200 


2.8200 

XXXXX 


-0.0292 

XXXXX 


3.1300 
3.3700 
3*6600 
3 .990 0 


XXXXX 

3^2200 


XXXXX 

0.0445 


4.3600 
4 .870 0 


5.4800 
6 .240 0 


3.5000 
3.8000 
4. 170 0 
4.6100 
5.1A00 
5.8700 


0.0437 

0.0476 

0.0479 

0.0534 


0.0620 

0.0593 


7 .2800 
8 ■ 740 0 


6.7800 
8.26 00 


0.0667 
D . 0549 


XXXXX 

X XXXX 


9.2800 

10.2000 


XXXXX 

XXXXX 


10 .900 0 
XXXXX 


XXXXX 

11.0300 


XXXXX 

X)(XXX 


WAV E LENGTH ERRORS 

ave'rage 


0 .0453 


reflect I VI TV errors 
average 0...1136 


OEVIATION 


deviation 


0.0442 

0.6896 


0.0427 

0,6696 


XXXXX 

XXXXX 

0.0404 

0.6894 


0.0410 

0.6895 


0.0413 
0.6896 

0.0405 
0.6890 


0.0409 
0.6860 


0.0401 

0.6873 


XXXXX 

XXXXX 


0.0402 

XXXXX_ 


0.0260 


0.1562 


ERROR 

OR 


MAX 


MIN 


MAX 


MIN 


XXXXX 

XXXXX 


XXXXX 

XXXXX 


XXXXX 

XXXXX 


XXXXX 

XXXXX 


0.1500 

0.51QO. 

0.2100 

XXXXX 


XXXXX 

XXXXX 


-0 .1696 
XXXXX 


XXXXX 

0.5100 

0.1500 
0.47 00 

0.0700 
0.4300 


XXXXX 

0.1795 


0.0500 
0.4900 


0.0500 

0.6906 


-0.1087 

0.2 196 

-0.0295 
0.2590 

-0.0091 

0.196 0 

-0.0099 
-0.0027 


O.OOiO 

0.3900 


XXXXX 

0.2700 


XXXXX 
XXXXX _ 
XXXXX 
XXXXX 



SAMPLE 10-2 

PERFORMANCE SUMMARY 



_ ... 

material 

GE 

Cl 






*' 

SUB ST RAjJL 
THICKNESS 

3. 

1339 

cpn 

MICRONS 
AMCSTROMS / 

MTMUTE 



nFPOSTTlON KfMt: 

SPUTTER GAS PRESSURE 

iO 

MICRONS MERCURY 



HAVEL EN&TH (MICRONS) 


ERROR 

nw / U 

REFLECTIVITY 

theoretical 

( NCRMALIZEO) 

measured 

ERROR 
OR ■ 

THFORETIG-AL- 





max min 

MAX MIN ' 

max min 

2.0200 , 

xxxxx 


XXXXX 

XXXXX 

0.6887 
IUJliiJL4 

XXXXX. 

xxxxx 

xxxxx 

xxxxx 

2_aliUl-iJ 

2.1900 . 

A A A ^ A ■ 

XXXXX 


XXXXX 

vVyxx 

0.6894 

0.041.3 

xxxxx 

xxxxx 

xxxxx 

xxxxx - 

?.?qnn 

2.4000 

XXXX_X— 

xxxxx 


xxxxx 

xxxxx 

0.6896 

0-0403 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

2,6500 

AAA A 

2.6000 
o yt.nn 


0.0169 

n.0214 

0.6893 

O.D402 

0.5200 

Q.1500 

0.1693 

-n.t098 

2.800JL . 
; 2.9700 

2.8900 


0.0269 

0.0222 

0.6893 

n.Q402 

0.50.00 

Q.150O 

0.1693 

-0.1098 

3.15JLQ 

3.3600 

3_aJJ-ilV:0_ 

3.2800 
T cn n n 


0 - 02.36 
0.0278 

0.6896 

0.0402 

0.5000 

0.1300 

0.1896 

-0.0898 

S .6000 
•3.6800 

>> . b U ii u _ 

3.7600 


0.0309 

0.0310 

0.6896 

n.0401 

0.5200 

0.1300 , 

0.1696 

-0.0899 

4.200il_ 

4 .5800 

4* u f y u 
4.4400 

L ft A n 


0-0306 

0.0397: 

' 0*6892 

0.0408 

0.5200 

O.lOOOv 

0 • 1692 

-0.0592 

5 . 040 0 ^ 

5.5800 

5.4500 


0.0233 
0 • 0366 

0.6883 

0.0401 

C.5500 

o-:o7do 

-0.0299 

b .280 0 
7.1600 

6.9700 


0.0292 
n . n4:^i 

0.6876 

0.0402 

0.5900 

0.0100 

0 .0976 

0.C302 

6 ,36?l0 0 

10.0500 

8.0 U 0-0 
9.0100 

— — — 

0.1035 

xxxxx 

0.6872 , 

YYXXX 

0.7100 

0.1900 

-0,0228 

XXXXX 

xxxxx 

t.O-,260 0 











... - 

WAV£LENGTH_LRS 

average 

JK j 

0.0339 


OE yiATION- 

0.0197 

• 



REFLECTIVITY ERRORS 
A_VERAGE _ 0.1110- -. 


OEy.IATX.0N_ _ fl-135>.- 




SAMPLE 11- 

2 PERFORMANCE SUMMARY 




MATERIAL 

SUBSTRATE 

ZNSE 

GLASS 





THICKNESS 

DEPOSITION 

2. 

RATE 

5470 MICRONS 
395 ANGSTROMS / 

MINUTE 



SPUTTER GAS 

PRESSURE 

5 MICRONS MERCURY 



WAVELENGTH 

THEORETICAL 

(MICRONS) 

measured 

ERROR. 

, DW / W 

REFLECTIVITY 

THEORETICAL 

(NORMALIZED) 

MEASURED 

ERROR 

DR 




MAX MIN 

MAX - MIN 

MAX MIN 

2. 0700 
2.2500 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.0406 

,0.3553 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

2.A8Q0 

2.7500 

XXXXX 
* 2.7200 

XXXXX 

Q.oiog 

0.0401 

C.3553 

XXXXX 

0.3000 

XXXXX . 
0.0553 

> 3 .1000 

3.540 0 

3.1100 

3.5500 

-0.0032 

-0.GQ26 

0.0401 

0.3555 

0.0500 

0.3100 

-0.0099 

0.C455 

4.1300 

4.9500 

4.1200 

4.9500 

O.0Q24 

O.OQOD 

0.0401 

€♦3545 

0.0400 

0.3200 

0.00-01 
0.0 345 

6 .1800 
8.2800 

6.1500 
8.9.30 0 

0.D049 

-0.0890 

0.0401 
0.3501 . 

0.1500 
0. 58 0.0 , 

-0.1099 
-0.2299 , 

XXXXX 

XXXXX 

9.6900 

10.8900 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.0010 

0.1350 

XXXXX 

XXXXX 

XXXXX 

12.1200 

XXXXX 

XXXXX 

0.0650 

XXXXX 

WAVELENGTH 

AVERAGE 

ERRORS 

-0.0110 

DEVIATION 

.0.0322 



RFFIFCTIVITY ERRORS _ . 

AVERAGE 

•0.0693 

DEVIATION 

0.1387 





SAMPLE 12-2 ■ PERFORMANCE SUMMARY 


MATERIAL 

ZNSE 

GLASS 





C'la l KM i t 

THICKNESS 

2.9801 

SfiTF 480 

microns 

ANGSTROMS / 

MINUTE 



ut.rUb 1 1 XUn _ 

SPUTTER GAS 

PRESSURE 10 

MICRONS MERCURY 



WAVELENGTH 

Tucno CTTfift! 

{MICRONS) 

MFASURFO 

ERROR 
OW / W 

REFLECTIVITY 

THEORETICAL 

(NORMALIZED) 

measured 

ERROR 

OR 

> flours c. 1 luMU 



MAX MIN 

MAX MIN 

MAX MIN 

2.0700 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.0403 

0.3554 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

. d, tfevV-U— 
2.4200 

2.4900 

2.7000 

-0.0289 

-0,0227 

0.0403 

n-3554 

Q.050P 

0.310D - ‘ 

-0.0098 

0.0454 

4 , 2,9000 

2.9900' 

XXXXX 

-Q.0'310 ■ 
XXXXX 

0.0401 

0.3554 

0.0400 

XXXXX 

O.DDOl 

XXXXX 

XXXXX 
T n 

4.9500 

3.7200 

XXXXX 

-0.0248 

XXXXX 

0.0402 

0.3000 

Q.0350 

XXXXX 

0.0052, 

4 .140 0 
1 , Am n 

4*2600 

4.9600 

-0.0290 

-0.0269 

0.3553 

0.0401 

0.3200 

0.0200 

0.0353 

0.0201 

5.7800 
7 . 7?n n 

5.9600 

7.4300 

-0.0311 

-0.0291 

0.3535 

0.0401 

0.3400 

0.00 01 

0.0135 

0.0400 

9.5500 

8.9300 
1 n.4900 

0.0649 

XXXXX 

0. 3480 

XXXXX 

0.5800 

0-0750 

-0.2320 

XXXXX 

XXXXX 
yyyy x 

11.6300 

13.4200 

XXXXX 

XXXXX 

XXXXX 

XXXXX 

0.1500 

0.0530 

XXXXX 

XXXXX 

UAUPI pnGth 

ERRORS 

. ^ 




AVERAGE 

-0.0176 

DEVIATION 

0,0293 

- 



REFLECTIVITY ERRORS 
A V ERA 6£ 0 .0446 


OEtfJA tlON 0.0 97 0 




SAMPLE 13- 

2' performance SUMMARY . 




MATERIAL 

<MtP<?TPATP 

ZNSE 

GLASS 





THICKNESS 

2. 

» A T F 

6647 MICRONS 
32n ANGSTROMS / 

MINUTE 



SPUTTER GAS 

PRESSURE 

15 MICRONS MERCURY 



WAVELENGTH 

TWPnRETTrAl 

(MICRONS) 

MEASURED 

ERROR 
ow / w 

REFLECTIVITY 

THEORETICAL 

(NORMALIZED) 

measured 

ERROR 

OR 




MAX MIN 

MAX MIN 

MAX MIN 

2.1600 
2 .360 0 

XXXXX 

2.5100 

xxxxx 

-0.0636 

0.0402 

0.3554 

XXXXX 

0.3200 

XXXXX 

0.0354 

2.5900 
? . ARn n 

2.7500 

3.0700 

-0.0616 

-O.C660 

0.0404 

0.3554 

0.0400 

0.2800 

0.0004 
0,0 754 

3.2400 
3 . 710 0 

3.4500 

3.9400 

-0.0646 

-0.0620 

0.0401 

0.3554 

0.0200 

0.3100 

0.0201 

0.0454 

4.320 0 
5-1800 

4.5700 

5.4200 

-0.0579 

-0.0463 

0 .0401 
0.3543 

0.0200 

0.3300 

0 .0201 
0.0243 

6.4600 

8.5800 

6.8700 

3.5500 

-0.0635 

0.0035 

< 0.0401 

0.3496 

0.0001 

0.5900 

0 • C4 0 0 
-0,2404 

XXXXX 

xxxxx 

10.2000 

11.2400 

XXXXX 

xxxxx 

XXXXX 

XXXXX 

0.0300 

0.1100 

XXXXX 

xxxxx 

12.7500 

12.5500 

0.0157 

0.04Q1 

0.04J3 

0 . 0 0 0 1 

WAVELENGTH 

AiiCPftflP 

ERRORS 

-1*0467 

DEVIATION 

Q.0287 



crci prTTi/ TTV 

- 




AVERAGE 

0.0502 

OEVlATION 

0.0964 






SSMFLE 14- 

2 PERFORMANCE SUMMARY 



HATERIAL 

SUBSTRATE 

ZNSE-GE 

GLASS 



O ^ 

TMIDKN^SS 

/.54o7-.?Sa4 

MICRONS 


DEP3SITION 

RATE_ __ 1 Afe^.375 

ANGSTROMS / 

MINUTE 

3=>UTTE'R GAS 

PRESSUREI IO 

MIC.RONS MERCURY 


WAV-ELENSTH 

<HICRONS) 

ERROR 

reflectivity 

,TH.E3R£TICA.L 

MEASURED 

DW / M 

theoretical 





MAX MIN 


. 2.50QO 

XXXXX 

XXXXX 

0.0401 


2.r5G0 

2.5.60,0 

0.Q&31 

0.5732 


XXXXX 

2.&GG0 ■ 

XXXXX 

XXXXX 


2 XXXXX 

2.9J00 

XXXXX 

XXXXX 


3.C0O0 

XXXXX 

XXXXX 

0 .3693 


3. 30 JO 

2. 9600 

0.1033 

0..5734 


XXXXX 

3.7200 

XXXXX 

XXXXX 

i 

3.7500 

3.4900 

0.0693 

0.0401 


4.3400 

. XXXXX 

XXXXX 

0.5730 


XXXXX: 

5.0100 

XXXXX 

XXXXX 


5.0000 

. 5,7900 

-0.1530 

0.3592 


E.SSfiO 

6.5600 

-0.1156_ 

o.57ie 


7-1^500 

6. 1800 

-0.0965 

0.0401 


10.20 00. 

9.3C00 

0.0832 

0.5671 


XXXXX 

10.5000 

XXXXX 

XXXXX 

! 


IZ.GCOO 

XXXXX 

XXXXX 


WA\/ELENSTH 

ERRORS 




Ai/ERAGE 

-0.Q058 

DEVIATION 

0.1.D3S 


REFLECTIVITY ERRORS 




AXtRAGF ' 

0.0977. 

DEVIATIO.T 

0. I3s4 


(NORM^LIZEO) 
MEASURED .. 
MAX HIH 

XXXXX 
. 0.41QQ 

o.iroo 

0-6201) 

XXXXX 
0-6200 
0,4^00 
. 0.3603 
XXXXX 
0.6V0O 

3.3^00 

0.5500 

0.020Q 

0-6500 

0.4200 

0-5500 


ERROR 

OR 

MAX MIN 

XXXXX 

0.1632 

XXXXX 

XXXXX 

XXXXX 

' 0 - 04:66 

XXXXX 

-0.3199 

XXXXX 

XXXXX 

0.0292 

0.0218 

0.0201 

-0.0829 

XXXXX 

XXXXX 



SA.'^PLF 15- 

1 PEREORHANG 

E SUMMARY ■ 




^^f5RIAL ■ 

ZNSE-GE 





3JB5TR&TE 

GLASS 





THICKNESS 

1 I.5407-. 

*^*4 MICRONS 




OEPOSniON 

RATE ‘ 

B7£lA MGS r ROMS / 

MINUTE 



S=>UTT£R GftS 

PRESSURE; 

\0 MICRONS MERCURY 



H4VELEN5TH 

(HICRONS) 

ERROR 

REFLECTIVITY 

(NORMALIZED) 

ERROR 

THEORET IGAl 

MEASURED 

DH / W 

THEORETICAL 

MEASURED 

DR 




MAX MIN 

MAX MIN 

MAX MIN 

2*5¥oq” 

2.59DQ 

“0.Q353 

0.0401 

0.3500 

-3.3099 

xxxxx 

■ 2.66DQ 

XXXXX 

XXXXX 

0.2300 

XXXXX 

2.: 500 

XXXXX 

XXXXX 

0..57 32 

XXXXX 

xxxxx 

3.0000 

xxxxx 

XXXXX 

0.3693 

xxxxx 

XXXXX 


3.0500 

Q-0753 

0.5734 

0.630Q, 

-0 .0566 

xxxxx 

3.i*5a0 

XXXXX 

XXXXX 

0.2500, 

XXXXX 

xxxxx 

3 • 660 0 

XXXXX 

XXXXX 

0.3500 

XXXXX 

3.:^500 

4*0200 

-0.0720 

0.9401 

0.110,0, 

-0.1399 

u • 3 ^ 0 0 

4.83Q0 

-0.1129 

0.5730 

0.6500 . 

-a. 0770 

5.0000 

5 .7100 

-0.1420 

0.3692 

3.2900 

0.0792 

5 6 s'ii'o 

6.5500 

-0.1139 

0.5718 

0.4 = 00- 

0.1116 

7 . ^ o 0 0 

B.COOO 

-0.0724 

O.D401 

0.0109 

0. 0301 

• 1 0.200C 

9.1700 

o.ibio 

0.5671 

0.7930 

-0.1329 

xxxxx 

lO.fcOOO 

XXXXX 

XXXXX 


XXXXX 

xxxxx 

,11.9000 

xxxxx 

XXXXX 

0.5600 

XXXXX 

WAVELENGTH 

ERRORS 





AVERAGE 

-G.QA65 

DEVIATION . 

0.0933 



REFlECTIVITr ERRORS 





average . 

0 .1172 

. • 

DEVIATION 

0.2202 





SAMPLE 16- 

2 PERFORMAN 

OE SUMMARY 



MATERIAL 

ZNSE-G 

£ 



iJpS TRA T£_ 


— _ » ^ • 

- . 


thickness 

1.5407- 

-93A4 j^lCRONS 



DEPOSITION 

^AT£ AptusX. 5»75 AN.GSTROMS 

/ MINUTE 


SPUTTER GAS 

PRESSURE] 

(0 microns me 

RCJRY 


WAVELENGTH. 

(MICRONS) 

ERROR 

reflectivity 

(NORMALIZED) 

. IHEORETI.CAu 

...>1EASURE0 

DW f H 

THEORETICAL 
MAX MIN 

MEASURED 
MAX MIN 

2 . S O do 

2.7300 

-0.0920 

0.0+01 

0.0600 

2.75Q0- 

XXXXX 

XXXXX 

0.5732. 

XXXXX 

3 .0 0 00 • 

XXXXX 

XXXXX 

0.3693 

XXXXX 

3.3000 

■ 3. 6500 

-0.0758 

0^573L 

0.6700 

3.^500 

4.0600 

-0.0827 

O.OWOl 

0.2100 

L.3V40 

A. 7100, 

-0.Q853 

0.£730 

Q. + pJlO 

5. 0000 

5-.32G0 

-0.0640 

0.3692 

0.2400 

6.6 3 00' 

6.4500 

-3.0969 

0.5716 

0.5+00 

7 . M 6 0 C 

' 7.9700 

-'1.0684 

0.0401 

0.1503 

XXXXX 

5. 9700 

XXXXX 

XXXXX 

0.39.00 

XXXXX 

9.9500 

XXXXX 

XXXXX 

0.0900 

^w"a7elength 

ERRORS 




AVERAG.E 

-C.0SQ7 

DEVIATION 

.0.0112 



ERROR 

DR 

MAX MIN 


-0.0199 

XXXXX 

XXXXX 

-0.0966 

-0.1699 
0 a 130 

0.1292 

0.0316 

-0. 1G99 
XXXXX 

XXXXX 


REFLECTIVITY ERRORS 

AVERAGE O.Q9Se DtViATIOM 0.l5t»3 



